In this paper we investigated the Drell-Yan process of the light neutralino pairχ 0 iχ 0 j (i, j = 1, 2) productions at hadron colliders. We studied the dependence of the coupling properties of two light neutralinoχ 0 1,2 on the three SUSY Lagrangian parameters M 1 , M 2 and µ, and find that the production rate ofχ 
Introduction
With various theoretically appealings, the Minimal Supersymmetric Standard Model (MSSM) is considered as the most potential choice for new physics beyond the Standard Model(SM). However, due to the absence of supersymmetric particle discovery in the energy range of current colliders, the supersymmetry (SUSY) is clearly not an exact symmetry of nature, and therefore must be broken. If R-parity conservation is hold and the SUSY breaking is around TeV scale, the first two neutralinosχ Drell-Yan subprocess and gluon-gluon fusion. Although the anti-quark luminosity in distribution function of proton is much lower than gluon, yet the cross sections of the neutralino pair productions via Drell-Yan mechanism are competitive with those from the gluon-gluon fusion, since the former mechanism of neutralino pair productions are accessible at the tree level. These facts make the production rates in Drell-Yan process are competitive with or even larger than those in gluon-gluon fusions. Therefore, it is significant in theoretical and experimental studies ofχ 0 iχ 0 j pair productions viacollisions at LHC.
There are four SUSY model parameters involved in chargino/neutralino(ino) sector, i.e. gaugino mass parameter M 1 and M 2 , Higgs mass parameter µ and the ratio of vacuum expectation values(VEV) tan β = v 2 /v 1 . These four parameters are essential ingredients of the model: the two gaugino mass terms quantify the supersymmetry soft breaking of SU(2) × U(1) subgroup, and together with µ and tan β determine all the phenomenology properties in the ino sector. In order to extract the ino physical quantities (i.e. masses, mixings and couplings) from experimental observables (such as cross sections, branching ratios and L-R asymmetries), one needs to study thoroughly the relations of these quantities and observables with the fundamental SUSY parameters. The discussion of the pair productions of neutral gaugino and Higgsino current eigenstates can be found in Ref. [1] .
However, the discussions were not based on physical neutralino particles, and thus could not really provide the sufficient information for the investigation of SUSY particles. In this work, we studied three typical pair production processes of neutralino mass eigenstates in proton-proton collisions, and investigated the dependence of their cross sections on SUSY Lagrangian parameters. The paper is organized as follows: in the section below, we present some general discussions on the diagonalization of ino mass matrixes. Sec. III gives the analytical tree-level formula of the cross sections of subprocesses→χ 0 iχ 0 j . In Sec.IV, we study the production rates ofχ 0 iχ 0 j pairs in both the subprocesses and the parent processes, and discuss the dependence of the production rates on the SUSY model parameters. Finally, a brief summary is presented.
The MSSM parameters in chargino/neutralino sector
The charginosχ + j (j = 1, 2) mass matrix in the current eigenstate basis has the form
and the neutralinoχ
Without loss of any generality, µ and M 1 can be complex which can introduce CP-violation, and M 2 would be set to real and positive for its phase angle can be rotated away by the field redefinition and thus absorbed into φ µ and φ 1 . The diagonalizations of matrix X and Y , which give all the ino masses and their couplings, can be achieved with
In this work, we consider the ino sector with the following assumptions:
• For simplification, CP-conservation is hold, namely φ µ = φ 1 = 0.
• The physical signs among M 1 , M 2 and µ are relative, which can be absorbed into phases φ µ and φ 1 by redefinition of fields. Thus, M 1 , M 2 and µ are chosen to be real and positive, i.e., M 1 , M 2 , µ > 0.
• tan β is always set as an input parameter, supposed that adequate information about tan β could be obtained from some other experiments beyond ino sector.
With the above assumptions, generally we have two ways to choose the input parameters in our calculation. One can employ the scenario of taking M 1 , M 2 , µ and tan β as input parameters, and then get all the physical ino masses and the matrix elements of U, V and N as outputs. The detail analyses can be found in Ref. [2] [3] [4] . Since the Lagrangian parameters should be extracted from the physical quantities, one can also choose an alternative way to diagonalize the mass matrix Y by taking any three physical ino masses together with tan β as inputs. This strategy will provide the other three ino masses and all the mixings and couplings as outputs. There are several scenarios about the choices of three ino masses [5] .
On the consideration that adequate information from chargino sector will give out the two mass values ofχ + 1,2 , and from the energy distribution of the final particles in the decay ofχ
at least one mass value of mχ0 i can be measured, in this paper we take two chargino masses
and one of the neutralino masses mχ0 i as inputs. In this way, the two fundamental SUSY parameter M 2 and µ can be figured out from the chargino masses by using following 
Generally there are two solutions for M 1 , and one is positive while the other is negative.
With the assumptions mentioned above, we take the positive value solution from Eq. M ± which denote M 2 and µ alternatively, and then figure out the mass spectra and all the couplings of neutralino sector consequently. In the following calculation and discussion, we will adopt both input strategies discussed above.
Neutralino pair productions in qq collisions
The Neutralino pair productions processes via the collisions of quark and anti-quark in protons, can be expressed as
where p 1 and p 2 represent the momenta of the incoming quark and anti-quark, and k 1 and k 2 denote the momenta of the two final state neutralinos, respectively. The Mandelstam variablesŝ,t andû are defined asŝ = (
Feynmann diagrams are drawn in Fig.1 . The interaction Lagrangians involved are listed as
with the coupling constants
Here P R,L = (1 ± γ 5 )/2. R q denote the squark transformation matrix. q = 1, 2 denote up-type and down-type quarks respectively, and
The corresponding Lorentz invariant matrix element for the tree-level process is written as
where
Here we take simply vanished masses of the first generation quarks, i.e. m u = m d = 0. The relative sign (−1) δ ij of Mû towards Mt and Mŝ is merely due to Pauli statistics.
The corresponding differential cross section at tree level can be written as
where the factors 1 4 , Nc 9
and ( 1 2 ) δ ij are the initial spin-average, color-average and final identical-particle factors respectively. The squares of matrix element have the form as
Numerical results and discussion
As we assumeχ 
T eV is too small to be plotted in Fig.3(c) . • 
Conclusions
In this work we studied the productions of the light neutralino pairsχ where 'H', 'g' and 'm' denote the Higgsino-like, gaugino-like and mixture cases, respectively. 
